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and an ionic conductance rate of at least 5,1 nmhos/mii 

/ ^ O igrf. The composite membrane of claim /^of wherein the thicknes s of said composite 
membrane is in the range of between 0.06 and 0>W\ mils. 



of said composite 



) ^ j The composite membrane of /laim J£(£ wherein the thicknes 3 

membrane is jn the range of between aboyi 0.5 and 0.8 mils, 

. The composite membitae of claim 190; wherein the thicknes \ of said composite 



membrane is ^t most 0.5 mils. 



{ ^ l?£ j The composite Jhembrane of claim >9tJ^ wherein said at least 
resin comprises a mixture o^ion exchange resins. 

I \ The composite membrane of claim 190, wherein said at least 

resin comprises a perf&^ijfc^ted sulfonic acid resin. 



5ne ion exchange 



1^156: ; Th/c^mposiji membrane of claim 190^ wherein said at least 
resin comprisds/a^p^fhiSnnated carboxylic acid resin. 
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I 1 The composite membrane of claim J^O/ wherein said at leastfone ion exchange 




resin comprises a polyvinyl alcohol. 



f\ "J \ The composite membrane 
esin comprises a divinyl benzene resin, 



of; 



;laim 190^ wherein said at leastfone ion exchange 



% | The composite membrane of claim JiHvwherein said at least 
resin comprises a styrene-based^polymer. 



OS / ^ 

J 7 [ ^fitf. | The composite membrane of claim l^OTwherein said at least 
resin further cjomprise^tnetal salts with or without a polymer. 



ne ion exchange 



)ne ion exchange 



2^ ! The composite membrane of claim \9^[ wherein said mixture of ion exchange 

i / 

resins include^ at least two of a perfhiorinated sulfonic acid resin, a perfluori lated carboxylic 

/ ( 

acid resin, a p^lyvinyl alcohol resin, a divinyl benzene resin or a styrene-basi id polymer. 

composite membrane of claim pMf, wherein said at least flne ion exchange 
sulfonic acid/tetrafluoroethylene copolymer resin. 
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comprising a reinforcement 



me nbrane 



having a 
exchange resin, said 
, said composite 



Vt>1>%tfi. I The composite membrane of claim l£0, 
backing bonded to a side thereof. 



2P3 20$. \ An integral substantially air occlusive integral composite 
support with k microstructure of pores, said nucrostructure filled with an ioi 

composite membrane has an ionic conductance rate of at least 5,1 jimhos/m n : 

i 

membrane prepared by, 

(a) j providing a support having a microstructure of micropores; 

(b) ; sequentially applying an ion exchange resin solution to each fnajor surface of said 
support; and 

(c) ; repeating stepf (b) until said micropores are sufficiently filled 
resin to form £n air occlusive integral composite membrane* 

J ^ 
| The composite membrane of claim 2firf 9 wherein said step (b) further includes, 

(bl) djfying^aid support after each application of ion exchange resin jic 
solvent from ^2 




with ion exchange 



olution to remove 



e membrane of claim 2&(, wherein said step (b) includes at least 
e applications of said ion exchange resin solution. 
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"ZPU }&T* \ The composite membrane of claim £Q< wherein said step (bfl includes at least 
four successive applications of said ion exchange restfl solution. 



y>l : The composite membrane of claim £04^ wherein said step (b 
three successive applications of said ion exchange resin solution, each 



folio* ved by a drying step. 



2P*b : The composite membrane c/f claim wherein said step (h 

i / 

four successiye applications of said ion exchange resin solution, each followed 



lfl\ 2*6. j The composite men^brane of claim having a thickness 
0.06 and 0.8 ijnils. 



HiO prf. i The coj 
between aboujt 0.5 

mils. 



ite membrane of claim £©4f having a thickness h 
os>Cl8 mils. 

josite^nembrane of claim £0^, having a thickness ot 



ir the range of 
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includes at least 



includes at least 
by a drying step. 



the range between 



at most about 0.5 



i 

i 
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1AL i 



is applied in 




2f>3 



ll^Z*^ ■ The composite membrane of cl^um £9^ wherein said ion exchange resin is a 
mixture of renins. 

%A2? >f4. . The composite membrane of claim wherein said ion exc xange resin is a 
perfluorinate4 sulfonic acid resin. 

X>\ *f 2^5. j The composite membrane of claim £051 wherein said drying jjs conducted at about 
room temperajrure. 

V[tj ! The composite membrane of claim Z&f, wherein said ion exc lange resin solution 

is applied in t^ie presence of a surfactant. 



lembrane of claim wherein said ion exchange resin solution 
of a surfactant. 



i 
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najor surface of said 

ion exchange 
tonic conductance 



IK] A method of preparing a substantiallwair occlusive integral djomposite 

t 

comprising: j 

(a) j pro viding a support having a miofrostructure of micropores; 

i / 

(b) j sequentially applying an ion exchange resin solution to each 

support; arjd 

i 

(c) ! repeating step (b) until said micropores are sufficiently fillcd^with 
resin to forjm an air occlusive integrp composite membrane which has an 
rate of at l^ast S.l |imhos/min, 

U$ 2*9. j The method of cl$im 2#f, wherein said step (b) includes at lefcst three successive 
applications c|f said ion exchange resin solution. 

in 

£20. ! The methcad of claim 2flf, wherein said step (b) includes at lefcst four successive 
applications oif said ion exchange resin solution. 



1,TP V^- 
applications i 



;thod^f claim wherein said step (b) includes at le|st two successive 
cchange resin solution, each followed by a drying s ep. 
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2/2^ ^22". j The method of claim 2fi€, wherein said step (b) includes at l&st three successive 
applications of said ion exchange resin solution, each followed by a drying : 



in 



tep. 




TJUIs 225< The method of claim Ztff, wherein ^fid composite membrane has a thickness 
within the raiige of 0.06 to 0.8 mils. 

! Ul 
2JL& ^2Z£ ! The method of claim JJ^J/wherein said composite membrane has a thickness 

within the raiige of 0-5 to 0.8 mils. 

/ u 7 

Jjltf ! The method of claim wherein said composite membraneflhas a thickness of at 
most 0.5 milsl 



%Xo ! The method of claim wherein said ion exchange resin is 



sulfonic acid j 



lethod of claim wherein said ion exchange resin is 



i mixture of resins. 



i perfluorinated 



8 

i 
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227. 1 The method of claim P^T, wherein said at least three 
said ion exchange solution include alternate applications pf said resin soluticjn 
said support ajnd then to a second side of said support. 




i applications of 
. to a first side of 



228. ! A fuel cell including an ultra-thin/air impermeable integral composite membrane; 
said composite membrane comprising: 

i / 

a support having a microstructUre ©/micropores, said microstructure Refining a 
porosity in th^ range of about 70% to 95Vo within said support, 

at least one ion exchange resin/filling said microstructure such that sdjid composite 
membrane is air impermeable, s^fd composite membrane having a thickne ss of at most 0.8 
mils. 

229. ; The fuel cell M claim 228, wherein said composite membran^has a thickness in 
the range of between 0.0&4nd at most 0.8 mils. 



230. iThe; 
at most 0.5 mils./ 



r claim 228, wherein said composite membrane 
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23 1 . The fuel cell of claim 228, wherein said/at least one ion exchange resin comprises 
a mixture of i)on exchange resins. 



232. The fuel cell of claim 228, wherein said at least one ion exchange resin comprises 
a perfluorinatbd sulfonic acid resin. 

233. The composite membrane of claim \9(£ wherein the thicknes 1 of said composite 
membrane is £t most 0.4 mils. 

in 

234. ; The composite/membrane of claim wherein the thicknes; of said composite 



membrane is $.t most 0.3 mils. 



23 5. I The composite membrane of claim I96 t wherein the thicknes: of said composite 
membrane is it most 0.2 mils. 

™ * i_ ^ ' . 'S 1 

236. f/^h^coppMiTe membrane of claim J£0, wherein the thicknes| of said composite 
membrane i^MftiwSflM mils. 
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^rf v wherein the thicknes s of said composite 



238. The composite membrane/of claim £Jrf, wherein the thicknes| of said composite 
membrane is at most 0.3 mils. 



of said composite 



239. The composite membrane of claim flrf, wherein the thicknes 
membrane is at most 0.2 



e of claim wherein the thicknes i of said composite 



tli^The composite membrane of cla^i ^^^/wherein the thicknesf of said composite 
membrane is at most 0.4 mils. 

242. ' The composite membrane mf claim £HT, wherein the thickness of said composite 
membrane is qt most 0.3 mils. 
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243. ; The composite membrane of claim wherein the thickness of said composite 
membrane is at most 0,2 mils, 

Zifj 

The composite membrane of claim 2k$, wherein the thickne^ of said composite 
at most 0.1 mils. 

The composite membraneyof claim £8^> wherein the thicknes i of said composite 



membrane is ^t most 0.4 mils. 



248. |The 
membrane is At mos' 




246. \ The composite memprane of claim ^O^Twherein the thicknes I of said composite 

i 

membrane is £t most 0.3 mils. 

247. ; The composites membrane of claim £0^, wherein the thicknesi of said composite 
membrane is &t most 0.2 : 



£p3 

brane of claim £0#, wherein the thicknesi of said composite 
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An integral air impermeable composite membrane comprisin i: 
a suppot^l*a^ing a microstructure of micropores, said microstructure defining a porosity 
in tlSe range ojf about 70% within said support, 

at least one ion exchange resuhfUling said microstructure such that slid composite 
membrane is air impermeable, said compositfe^embrane having a thickness fpf at most 0.8 mils. 

^°^SQ. ' The composite membrane of claim wherein the thicknes| of said composite 
membrane is iin the range of between 0.06 and 0.8 mils. 



^ | 2,Si . j The composite membrane of claim £49, wherein the thickness 
membrane is ijti the range of between about 0.5 and 0.8 mils. 



3 V J25l. | The composite membrane of claim 249, wherein the thicknes^of said composite 
membrane is a(t most 0.5 mils. 

: iA 

! The composite membrane of claim 24^ wherein said at least (jjrie ion exchange 
resin comprise^ a mixture of ion exchange resins. 
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